FOREWORD
ASWEPS reports serve as a primary means of disseminating significant research and development results of the Antisubmarine Warfare Environmental Prediction Services program. This report, 14th in a series, is the first to describe a newly established task for developing methods of predicting thermal structure and associated effects on ASW operations within ocean areas where water depth is an important parameter.
Shallow-water investigations were initiated in 1966 to improve prediction capabilities in ocean depths between 10 and 500 fathoms. Methods will be developed to modify procedures initially developed for deepwater areas to maximize Fleet effectiveness in shallow oceanic waters, Subsequent publications in this series will report progress of this and other tasks included in the ASWEPS pro- 
INTRODUCTION
Environmental forecasting techniques for predicting near-surface thermal structure have been developed under the Antisubmarine Warfare Environmental Prediction Services (ASWEPS) program for deepwater areas seaward of the Continental Shelf, Extension of ASWEPS forecasts into the relatively shallow water over the Continental Shelf is now under development. The complex oceanographic environment of shallow-water areas may require modification of present techniques.
As an initial step toward developing shallow-water prediction techniques, a program has been initiated to investigate the thermohaline structure in selected areas inshore of the 500-fathom (914 meters) isobath.
Collected data will be used to determine the nature, frequency, and extent of changes in the thermohaline structure.
The initial survey, designed to investigate the thermohaline structure during winter in the area seaward of the Virginia Capes, was conducted from 24 Bigelow (1933) of the thermal structure over the shelf between Cape Cod and Cape Hatteras shows that during winter (1) minimum water temperature occurs late in February or early in March, (2) isotherms are oriented parallel to the coast with lowest sea surface temperatures (SST) observed inshore, (3) the vertical temperature profile generally is either isothermal or increases slightly with depth, (4) little or no vertical stability occurs with the result that heat gained through solar radiation is rapidly mixed downward, and (5) advection of water from other sources may cause complex thermal conditions. Bigelow and Sears (1935) , in a study of salinity distribution over the shelf, state that (1) isohalines generally parallel the coast with a gradual transition from low inshore values to high offshore values, (2) minimum surface salinity occurs during late winter, (3) the vertical water column may be nearly isohaline during winter, (4) complex salinity gradients near the Continental Slope may result from mixing of coastal and oceanic water, and (5) the transition from coastal to oceanic water occurs in a narrow belt only 20 nautical miles (37 kilometers) wide off Chesapeake Bay. Hopkins and Burt (1951) , discussing the vertical thermohaline structure at the entrance to Chesapeake Bay, state that (1) a strong negative temperature gradient is usually accompanied by a strong positive salinity gradient, (2) a positive temperature gradient must be accompanied by a strong positive salinity gradient if vertical stability is to be maintained, and (3) absence of a temperature gradient does not indicate the absence of a salinity gradient.
Several exceptions to the thermohaline distribution as described by Bigelow (1933) and Bigelow and Sears (1935) have been noted. Miller (1952) reported that the southerly flowing coastal current is diverted eastward of Cape Henry as much as UO miles (74 km) by Chesapeake Bay discharge. The effect of the discharge is most prominent southeast of the bay; salinity as low as 31°/oo has been observed well offshore. This eastward flow is compensated by a westerly flow at 36''U0*N.
Howe (1962) reported that the seaward sweep of the current is subject to sudden and irregular meanders.
Ichiye (1966, 1967) Changes in the SST pattern were computed for two survey periods. Figure 8 shows the temperature change between 24 and 26 February. Figure 9 shows the temperature change between the last flight of Phase I (26 February) and the only flight of Phase II (8 March). Temperature change in the southeastern quadrant of the survey area and in the region extending seaward from the coast between Cape Henry and False Cape is the most predominant feature of the analyses.
Because Nansen casts taken during Phase II are representative of water conditions throughout the survey, the vertical water structure is described only with Nansen cast data. Each station was repeated at a time interval varying from 19 to 42 hours. Temperature, salinity, sigma-t, and sound velocity profiles shown in figure 10 for station 7 (36°50'N, 75°00'W) are representative of the profiles at the other stations.
The time interval between the initial occupation and reoccupation of Station 7 was 22.5 hours. The T-S diagrams for Station 7 are shown in figure 11 .
A combination of a high-pressure system over the eastern United States and a low over the Canadian Maritime Provinces caused gale winds and subfreezing temperatures in the survey area during Phase I. The high, which moved over the Carolinas on 27 February, was followed SST patterns observed during the survey generally resembled previous analyses based on ship observations. The zonal temperature gradient was computed to be CS^C/km using data recorded during eight ART flights near 370N between 74,5«> and 75,70W during the period from 23 February to 10 March, Minimum and maximum SST's near the inshore boundary of the survey area (Chesapeake Light Station) were 3,30C (26 February) and 7,30C (10-11 March),
The warm water observed in the southeast portion of the survey area may be (1) a warm eddy similar to one observed by Ichiye (1966) or (2) Eleven flights across the boundary between the warm water and the surrounding cooler water in the southeast portion of the survey area shew a mean temperature gradient of 0.8°C/km, a minimum of 0,3°C/km, and a maximum of 2,5°C/km. Since the flight tracks may not be normal to the boundary, the actual gradients may be greater. The mean temperature difference across the boundary was 2.2*'C, with a minimum of LS'^C (twice) and a maximum of S.S^C. Maximum observed SST was 15.1°C (26 February).
The greatest SST change (AT) during the survey occurred in the warm-water area in the southeast portion of the survey area. The combination of an increase in SST to the north of the zero AT isopleth (figures [8] [9] and a decrease in SST to the south of the zero AT isopleth implies northward movement (advection) of the warm water.
Cooling occurred along the coast and in an area extending seaward from the coast between Cape Henry and False Cape during Phase I (figure 8) when gale winds and subfreezing temperatiire predominated. Waraing was evident in the same areas between surveys under conditions of decreased winds and increased air temperatures (figure 9).
Mean SST was computed at various stations during warm and cold periods to determine if temperature changes in the tongue reflected changes in Chesapeake Bay, During the cold period (25 February to 2 March) temperature in Chesapeake Bay (Gloucester Point) and at the entrance to the bay (Kiptopeke Beach) averaged more than 2''C lower than the temperature at Chesapeake Light Station.
Temperatures in the tongue decreased as much as 2*'C during this period. Conversely, the temperature in the bay and at the entrance to the bay was slightly higher than the temperature at the light station during the wanner period Cf-ll March). The increase in mean temperature during the interval between cool and warn periods was 3.8*»C in the bay, 4.9*»C at the entrance to the bay, and l.S^c at the light station. Temperature changed in the toigue as much as +3*^C during the same period.
During initial occupation of the stations, negative temperature gradients in the near-surface layer were underlain by slightly positive gradients to the bottom.
Meteorological conditions favored surface heating during this period with skies either clear or with scattered cirrus clouds, air temperature greater than SST, and easterly winds less than 6 m/sec. Conditions favorable to surface heating deteriorated prior to reoccupation of the stations as (1) the wind veered to the south and increased to greater than 9 m/sec. and (2) stratus clouds developed. The vertical temperature profile changed so that two basic layers became evident; a cold (8°C) layer near the surface separated by a strong positive gradient (O.T^C in 10 meters) from a warmer (9°C) layer near the bottom.
Changes in the vertical salinity profile were similar to changes in the temperature profile. Minimum salinity (31.23°/oo) occurred during reoccupation of Station 1 simultaneously with a strong positive salinity gradient (0,86°/qo in 5 meters) in the surface layer. Positive salinity gradients observed below the surface layer coincided with positive temperature gradients.
The T-S diagram shows a negative temperature gradient to a depth of 8 meters during the initial occupation of Station 7 without a corresponding salinity gradient, implying that surface heating was the cause of the negative temperature gradient. The change in the vertical water structure during the interval between occupations may have resulted from (1) gradual decay of the mixed layer formed during the frontal passage of 8 March and/or (2) replacement of surface water driven seaward by wind-induced currents by an intrusion of oceanic water along the bottom in agreement with classical theories of upwelling.
Sound velocity computed from observed values of temperature and salinity at each station showed that negative sound gradients coincide with negative temperature gradients during the initial occupation.
Negative gradients were underlain by positive gradients to the bottom, creating a weak sound channel. In no case was the sound channel axis deeper than 12,5 meters.
Development of prediction techniques appropriate to the survey area requires knowledge of the nature of external processes and their interaction with local oceanographic conditions. During the present survey, three external processes were observed to affect the local regime:
(1) intrusion of warm water into the area from the Gulf Stream, (2) discharge of Chesapeake Bay water, and (3) heat exchange across the air-sea interface, A fourth process, mass transport into the area by coastal currents, was not observed.
Warm water in the southeastern quadrant of the survey area probably:
(1) originated from the Gulf Stream, possibly as a meander, (2) intruded into coastal water as a tongue, (3) became an eddy, and (H) was absorbed into coastal water through mixing. Northward movement of this warm water could be expected to result from momentum imparted by the Gulf Stream and/or northeasterly movement of coastal water entrained by the Gulf Stream, Since the life cycle of such a system would be expected to proceed in an orderly process, prediction should be possible once the frequency and scale of environmental changes are known. Periodic observation of the area by aircraft or satellite is probably the most desirable method for detecting newly formed systems. Once detected, progress of the system can be predicted by means of a moderate increase in present synoptic bathythermograph (BATHY) and sea siorface temperature (CTEM) reports . The time lags between any given rainfall period, subsequent discharge from Chesapeake Bay, and advection offshore are unknown.
Comparison of Chesapeake Bay discharge with temperature-salinity relations at Chesapeake Light Station and with the estimated volume in the tongue advected seaward between Cape Henry and False Cape would be necessary to determine the lag. Once the time lag is known, prediction should be possible by monitoring bay discharge and comparing it with prevailing water conditions.
Where external oceanic processes do not affect local conditions, prediction will be greatly simplified. During winter, when the vertical temperature profile is essentially isothermal, prediction of trends in the thermal structure is possible under most conditions. For example, near-surface negative temperature gradients can be expected under conditions favorable to surface heating (clear skies, air temperature greater than SST, li^t winds). Similarly, intrusion of relatively warm oceanic water should be expected to form a positive gradient near the bottom during periods of sustained southerly winds.
The thickness and magnitudes of the gradients, however, cannot be predicted with accuracy.
Further investigation will be required before desired accuracy of prediction can be achieved, A survey was conducted in September and October 1967 to investigate the temporal and spatial distribution of the warm water in the southeastern quadrant. In addition, several ART flights were made over the survey area. Periodic ART flights over the area and additional ship surveys will be necessary for improving predictions. Transient negative temperature gradients in the near-surface layer during the initial occupation of eight oceanographic stations probably resulted from diurnal heating. Destruction of the negative thermocline occurred under conditions less favorable for surface heating. The mixed subsurface layer was modified by intrusion of warmer, more saline oceanic water along the bottom. - (1967) 
